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Specification 

"THREE-PHASE SYNCHRONOUS RELUCTANCE MOTOIT 

5 Technical Field 

The present invention relates to a three-phase synchronous 
reluctance motor. 

10 Background Art 

At present, in order to achieve compactness and improved 
performance of various devices, for a motor as a driving device therefor also, 
there is a need for such characteristics as improved compactness, high 

15 torque, low noise and vibration. There are a great variety of motors 
available, of which such compactness is said to be obtained with a 
reluctance motor constructed such that a rotor provided with magnetic 
saliency is rotatably supported on an inner peripheral side of a stator. For 
instance, Fig. 14 illustrates an exemplary cross-sectional construction of a 

20 stator 310 included in a standard reluctance motor. For obtaining 
uniformity in the torque generated in the rotating rotor of the reluctance 
motor, it is required that a magnetic path width W of a back yoke portion of 
stator teeth 311 be set uniform along the entire periphery thereof. 
However, bolt holes 312 as shown are provided for fixation of this 

25 reluctance motor as weU as for its fixation with a bracket (not shown) 
having a rotor bearing, that is, being provided for obtaining improved 
handling of the motor. Where these holes are present, it is not possible to 
set the magnetic path width W of the back yoke portion uniform along the 
entire periphery. 

30 A different stator construction as illustrated in a partial cross 
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section of Fig. 15 has also been proposed (see Patent Document 1). In the 
case of a reluctance motor disclosed in this Patent Document 1, for 
achieving reduction in material cost and improved handling, there are 
formed core-cut portions 412 in an outer peripheral portion of a stator 410. 
5 In conjunction with the formation of these core -cut portions 412, bulging 
portions 413 are provided beside teeth 411 on the inner peripheral side of a 
stator 410 in order to ensure a substantially same magnetic path width W 
of the stator 410 as obtained before cutting the core. 

10 Patent Docxmient 1- Japanese Patent Apphcation "Kokai" No. 

2000-350390 (Fig. 10) 

Disclosure of the Invention 

1 5 Problem To be Solved by Invention 

However, with the reluctance motor disclosed in Patent Document 
1, while it is possible to render the magnetic path width W substantially 
uniform along the entire periphery, the bulging of the side portion of the 

20 teeth where the stator windings should be wound prohibits such stator 
windings from being present at this portion. As a result, the stator can 
have only a smaller niunber of stator windings, thus leading to decreased 
interhnkage flxix, hence, to disadvantageous torque reduction. Accordingly, 
in order to obtain a sufficient torque, enlargement of the entire motor wiU 

25 be inevitably needed. 

Finiiher, the prior art has failed to provide any means to tackle the 
issue of at what specific positions on the outer peripheral face of the stator 
such geometric featxires as the core-cut portions disclosed in Patent 
Docimient 1 should preferably be located (namely, how motor performance 

30 deterioration can be avoided). 
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The present invention has been made in view of the 
above-described problem. Its object is to provide a three*phase 
synchronous reluctance motor which allows its stator to be formed compact 
by means of reduction in the width of a part of a back yoke portion of a 
5 stator while avoiding excessive increase in the magnetic resistance of the 
magnetic path of the back yoke portion. 

Means to Solve the Problem 

10 For accompUshing the above-noted object, according to a 

three-phase synchronous reluctance motor relating to the present invention, 
the motor comprises* a rotor and a stator having a plurahty of teeth formed 
in an inner face thereof along a peripheral direction and in opposition to 
said rotor, six of said teeth being in opposition to one of a plurahty of rotor 

15 magnetic poles provided in the rotor, said stator having stator windings by 
a coil pitch corresponding to five teeth of said six teeth, 

wherein in a back yoke portion of the stator corresponding to a 
tooth adjacent a tooth located between an adjacent pair of said stator 
windings which form magnetic poles in a same phase and with different 

20 polarities in a three-phase drive mode, there is provided at least one width 
reducing portion which renders a width of a magnetic path of the back yoke 
portion of the stator reduced relative to a width of a magnetic path of the 
back yoke portion corresponding to the other teeth. 

In the above-described characterizing construction, for a tooth 

25 located between an adjacent pair of stator windings which form magnetic 
poles in a same phase and with different polarities in a three-phase drive, a 
tooth adjacent thereto includes the width reducing portion described above 
in its back yoke portion. With this gurangement, during the three-phase 
driving operation of the motor, the position of the width reducing portion is 

30 made different from a location of highest magnetic flux concentration in the 
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magnetic path. As a result, during the three-phase drive operation, there 
will not occiir any significant increase in the magnetic resistance at the 
position where the width reducing portion is provided. Consequently, 
significant reduction in the interUnkage flux can be avoided and this 

. 5 three-phase synchronous reluctance motor can provide sufficient torque. 

According to an alternative to the three-phase sjmchronous 
reluctance motor relating to the present invention, the motor comprises- a 
rotor and a stator having a plurahty of teeth formed in an inner face thereof 
along a peripheral direction and in opposition to said rotor, six of said teeth 

10 being in opposition to one of a plurality of rotor magnetic poles provided in 
the rotor, said stator having stator windings by a coil pitch corresponding to 
five teeth of said six teeth, 

wherein in a back yoke portion of the stator corresponding to a 
tooth located between an adjacent pair of said stator windings which form 

15 magnetic poles in a same phase and with different polarities in a two-phase 
rectangular wave drive mode, there is provided at least one width reducing 
portion which renders a width of a magnetic path of the back yoke portion 
of the stator reduced relative to a width of a magnetic path of the back yoke 
portion corresponding to the other teeth. 

20 In the above-described characterizing construction, the width 

reducing portion is provided at a magnetic path of the back yoke portion 
corresponding to a tooth located between an adjacent pair of stator 
windings which form magnetic poles in a same phase and with different 
polarities in a two-phase rectangular wave drive mode. In this case, 

25 during the two-phase rectangxilar wave drive mode operation of the motor, 
the position of the width reducing portion is made different fi-om a location 
of highest magnetic flux concentration in the magnetic path. As a resvdt, 
there will not occxir any significant increase in the magnetic resistance 
during the two-phase rectangular wave drive mode at the position of the 

30 magnetic path in the back yoke portion where the width reducing portion is 
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provided. Consequently, significant reduction in the interlinkage flvix can 
be avoided and this three-phase synchronous reluctance motor can provide 
sufficient torque. 

In the three-phase synchronoxis reluctance motor relating to the 
5 present invention, a center position of said width reducing portion and a 
center position of said tooth can be aligned with each other along the 
peripheral direction of the stator, and said width reducing portion can be 
formed along the peripheral direction of the stator by an area smaller than 
two pitches of the teeth. 

10 With the above-described construction, since the width reducing 

portion is formed by an area smaller than two pitches of the teeth, the area 
. tending to invite increased magnetic resistance can be restricted, thus 
avoiding further reduction in the magnetic path width at the position with 
inherently higher magnetic flux concentration. Consequently, excessive 

15 increase in the magnetic resistance of the back yoke portion can be avoided 
even more effectively. 

According to an even further characterizing feature of the 
three-phase sjnichronous reluctance motor relating to the present invention, 
a plurahty of said width reduced portions are provided along the peripheral 

20 direction of the stator by a pitch of n/3 (n- a natural niunber) of the pitch of 
the rotor magnetic poles. 

With the above-described characterizing construction, in the case 
of this three-phase synchronous reluctance motor having six stator 
magnetic poles for each single rotor magnetic pole, the positions of highest 

25 magnetic flux concentration in the back yoke portion diuring the two-phase 
rectangiilar wave drive mode and the three-phase drive mode are present 
by the pitch which is 1/3 of the pitch of the rotor magnetic poles. Therefore, 
by providing the width reducing portions by the pitch n/3 of the rotor 
magnetic pole pitch, it is possible to avoid coincidence between the highest 

30 magnetic flux concentrated position in the back yoke portion and the 
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position of the width reducing portion. As a result, there will not occur any 
significant increase in the magnetic resistance in the magnetic path. 
Ck>nsequently, significant reduction in the interUnkage flux can be avoided 
and this three-phase synchronous reluctance motor can provide sufficient 
5 torque. 

Best Mode of Ehnbodying the Invention 

A reluctance motor relating to the present invention will be 
10 described with reference to the accompanying drawings. 

Fig. 1 (a) shows an exemplary cross section of a stator 100 
constituting a three-phase sjnichronous reluctance motor relating to the 
invention. Fig. 1 (b) shows a cross section of its rotor 200. The stator 100 
includes a plurahty of teeth 103 formed along an inner periphery of a back 
15 yoke portion 104 and formed in opposition to the rotor 200. Around these 
teeth 103, stator windings (not shown) are woxmd in a manner to be 
described later, thereby forming stator magnetic poles. The rotor 200 is 
rotatable along the inner surface of the stator 100 about a rotational shaft 
202. 

20 The rotor 200 is formed of a rotor core 201 made of a material 

having high magnetic permeability. Conventionally, this rotor 200 can be 
a rotor formed of silicon steel or the Hke and having a number of salient 
poles. However, this embodiment employs a construction using permanent 
magnets in the rotor core 201 as such construction allows further 

25 compactization. Hence, as shown in Fig. 1 (b), the rotor core 201 includes a 
group of permanent magnets 203a on the outer periphery side and a further 
group of permanent magnets 203b on the inner periphery side. For each 
outer periphery side permanent magnet 203a, there is provided an outer 
periphery side sht 204a adjacent thereto and for each inner periphery side 

30 permanent magnet 203b, there is provided an inner periphery side sht 204b 
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adjacent thereto, so that the sUts may restrict passage of magnetic force 
hnes. Each adjacent pair of outer periphery side permanent magnet 203a 
and the inner periphery side permanent magnet 203b have respective 
portions thereof opposed to each other along a common radial direction 
5 oppositely magnetized and are disposed with a predetermined gap 
therebetween, thereby forming a pair of magnetic poles ("rotor magnetic 
poles" hereinafter). In this case, the rotor magnetic poles adjacent each 
other along the outer peripheral face of the rotor 200 form opposite 
polarities. The rotor 200 has eight rotor magnetic poles in total. 

10 The outer periphery of the stator 100 defines a plurahty of small 

groove portions 102 which function to prevent rotation of the stator 100 
when this stator 100 is held and fixed fi*om its outer side. Or, the groove 
portions 102 are to be used in welding together a plurahty of stators 100 
superposed on each other. In the stator 100, its back yoke portion 104 

15 includes, at least at one position (four positions in the case of the illustrated 
example) in its outer peripheral face, a width reducing portion 101 which is 
formed by cutting away the stator 100 at this position in the form 
substantially of a rectangle, so that the back yoke portion 104 of the stator 
100 has a reduced width at this portion relative to the remaining portion 

20 thereof. With this, there are obtained such advantageous effects as 
compactness, hght weight, readiness of handling of the synchronous 
reluctance motor, etc. without increasing the diameter of the stator 100. 
And, in the case of the stator 100 and the rotor 200 illustrated in Fig. 1 (a) 
and Fig. 1 (b) respectively, the stator 100 has 48 (forty eight) magnetic poles 

25 in total and the rotor 200 has 8 (eight) magnetic poles in total. That is, six 
teeth 103 (stator magnetic poles) are placed in opposition to each single 
rotor magnetic pole. Incidentally, both the width reducing portion 101 and 
the groove portion 102 shown as having differing shapes firom each other 
can be fi-eely utihzed for "grooves" for anti-rotation or welding. As the 

30 functions of the width reducing portion 101 and the groove portion 102 are 
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substantially same, in the following discussion, the disposing or forming 
position of the width reducing portion 101 alone will be e^lained. It 
shoidd be understood, however, the following explanation is appUcable also 
to the groove portion 102. 
5 Next, the method of winding the stator windings will be described 

with reference to Pigs. 2 and 3. Fig. 2 is an overall diagram illustrating 
the method of winding the stator windings, while Fig. 3 is a partially 
enlarged view of Fig. 2. 

Referring to the first phase, the stator windings are wound, with 

10 the stator magnetic poles 2-6, 8-12, 14-18, 20-24, 26-30, 32-36, 38-42, 44-48 
as coil pitches, respectively and an AC current of a predetermined phase is 
supphed from power terminals C, F. 

Similarly, referring to the second phase, the stator windings are 
woimd, with the stator magnetic poles 6-10, 12- 16, 18-22,24-28, 30-34, 

15 36-40, 42-46, 48-4 as coU pitches, respectively and an AC current of a 
predetermined phase is suppUed firom power terminals B, E. 

Further similarly, referring to the third phase, the stator windings 
are woxmd, with the stator magnetic poles 4 8, 10-14, 16 20, 22 26, 28-32, 
34-38, 40-44, 46-2 as coil pitches, respectively and an AC current of a 

20 predetermined phase is supplied firom power terminals A, D. Incidentally, 
for forming the first phase coils, the second shape coils and the third phase 
coils into a star-shaped connection configuration, the power terminals D, E, 
F wiU be short-circuited to form neutral points. 

As described above, in the first phase for example, between each 

25 adjacent pair of stator windings which are in the same phase and form 
opposite magnetic poles when the AC current is suppUed to the power 
terminals C, F, there exist the stator magnetic poles 1, 7, 13, 19, 25, 31, 37 
and 43 about which no stator windings are woimd. Similarly, in the 
second phase and the third phase too, there exist such stator magnetic poles 

30 without stator windings, but, the explanation thereof will be omitted. 



Next, there will be described an exemplary operation of the 
reluctance motor having the constructions illustrated in Fig. 1 (a) and Fig. 1 
(b) in case the three-phase stator windings are provided in the manner 
illustrated in Figs. 2 and 3 for realizing a three-phase drive mode operation. 
5 The AC cvirrents supphed for the three-phase drive mode can have such 
waveforms as three-phase rectangular waves illxistrated in Fig. 4 (a) or 
three-phase sine waves illustrated in Fig. 4 (b). 

Fig. 5 and Fig. 6 show positional relationship between the rotor 
200 and the stator 100 at certain timings during the operation, showing 

10 magnetic flxix condition (density of magnetic force hnes) which occurs when 
the rotor 200 is driven with supply of AC currents to the stator windings in 
the form of the three-phase rectangular waves or the three-phase sine 
waves illustrated in Fig. 4 (a) or Fig. 4 (b). Next, with reference to Figs. 5 
and 6, there will be described a preferred forming position of the width 

15 reducing portion 101 to be provided in the back yoke portion 104 of the 
stator 100. Incidentally, for the piu^ose of simplified illustration, each of 
these figures shows only one rotor magnetic pole and six teeth 103 (stator 
magnetic poles) opposed to this one rotor magnetic pole. Fiuiiher, the 
connections between the stator windings and the power terminals are also 

20 shown schematically. 

As shown, the magnetic flux passes with using the back yoke 
portion 104 of the stator 100 as the magnetic path. Hence, the magnitude 
of the width of this magnetic path (i.e. acting as the effective magnetic flux 
path having a width normal to the magnetic force hnes) determines the 

25 magnitude of magnetic resistance. Therefore, it may be said that it is 
more advantageous to provide the width reducing portion 101 at a position 
of lower density of magnetic force Unes shown than at a position of high 
density of the same . 

In the case of the stator 100 of the embodiment shown in Fig. 5, 

30 the width reducing portion 101 is provided at an outer peripheral portion of 
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the back yoke portion 104 corresponding to the stator magnetic pole 48. In 
other words, the width reducing portion 101 is provided at the back yoke 
portion 104 of a tooth adjacent a tooth located between two stator windings 
which form magnetic poles in a same phase and with differing polarities. 
For instance, referring to Fig. 2, Fig. 3 and Fig. 5, when the power is 
supphed from the power terminals C, F to the stator winding woxmd about 
the stator magnetic poles 2-6, there is generated a magnetic pole extending 
from the inner peripheral side to the outer peripheral side of the stator 100. 
Similarly, when the power is supphed from the power terminals C, F to the 
stator winding woimd about the stator magnetic poles 44-48, there is 
generated a magnetic pole extending from the outer peripheral side to the 
inner peripheral side of the stator 100. And, the width reducing portion 
101 is provided at the back yoke portion 104 of the tooth (stator magnetic 
pole 48) adjacent the tooth (stator magnetic pole 1) between the 
above-described two adjacent stator windings. As may be understood from 
the illustration in Fig. 5, this position is not the position with highest 
magnetic flux concentration. 

Incidentally, although the present embodiment involves the 
illustration of magnetic flux condition in one particular phase, the same 
explanation can apply to the other phases also. For example, the 
preceding discussion concerns the case where the width reducing portion 
101 is provided at the outer periphery of the back yoke portion 104 of the 
stator 101 corresponding to the tooth (stator magnetic pole 48) adjacent to 
the tooth (stator magnetic pole 1) interposed between a pair of stator 
windings to which the power is supphed from the power terminals C, F. 
However, even when the phase is changed, the width reducing portion 101 
is still provided in the back yoke portion 104 of the stator 100 corresponding 
to the tooth (stator magnetic pole 48) adjacent the tooth (stator magnetic 
pole 47) interposed between the two stator windings to which the power is 
supphed from the power terminals B, E. 



10 



On the other hand, in the case of a comparison example illustrated 
in Pig.6, the width reducing portion 101 is provided at the back yoke 
portion 104 of the stator magnetic pole 1. In other words, the width 
reducing portion 101 is provided at the outer peripheral portion of the back 
yoke portion 104 corresponding to the tooth interposed between two stator 
windings which form magnetic poles in a same phase and with opposite 
polarities. For instance, referring to Fig. 2, Fig. 3 and Fig. 6, when the 
power is supplied to the stator winding wound about the stator magnetic 
poles 2-6, there is generated a magnetic pole extending from the inner 
peripheral side to the outer peripheral side of the stator 100. Similarly, 
when the power is suppUed to the stator winding wound about the stator 
magnetic poles 44-48, there is generated a magnetic pole extending from 
the outer peripheral side to the inner peripheral side of the stator 100. 
And, the width reducing portion 101 is provided at the back yoke portion 
104 of the tooth (stator magnetic pole 1) between the above-described two 
adjacent stator windings. As may be understood from the illustration in 
Fig. 6, this position is one of those positions with highest magnetic flux 
concentration. 

Fig. 7 shows relationship between a suppUed current and coil 
interhnkage flux dxiring a three-phase drive mode operation of the 
three-phase ssnichronous reluctance motor having the stator 100 of the Fig. 
5 embodiment or the stator 100 of the Fig. 6 comparison example, 
respectively. In Fig. 7, the solid line represents the embodiment using the 
stator 100 shown in Fig. 5 and the dot line represents the comparison 
example using the stator 100 shown in Fig. 6. 

As may be seen in Fig. 7, there is no difference in the minimiiTn 
value of the coil interlinkage flux between the embodiment and the 
comparison example (in the figure, the soUd representing the result of the 
embodiment and the broken line representing the result of the comparison 
example are shown as being overlapped with each other). Whereas, the 
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maximuin value of the coil interlinkage flxix is greater in the embodiment 
using the stator 100. Hence, it may be understood that the embodiment 
using the stator 100 provides a greater torque to the rotor 200. In this 
manner, it has now been found that at what specific position in the back 
5 yoke portion 104 of the stator 100 the width reducing portion 101, if needed, 
should be provided (that is, how deterioration in motor performance can be 
avoided). 

Fig. 8 shows a further stator 100 having a different positional 
relationship between the stator magnetic pole and the width reducing 

10 portion 101 firom the stator 100 shown in Fig. 1 (a). On the other hand, the 
winding condition of the stator windings for the stator magnetic poles of the 
stator 100 is the same as that illustrated in Fig. 2 and Fig. 3. In this case, 
the stator windings are adapted for receiving two-phase rectangular wave 
AC currents illustrated in Fig. 9. 

15 Fig. 10 shows positional relationship between the rotor 200 and the 

stator 100 at a certain timing during the operation, showing magnetic flvtx 
condition which occurs when the rotor 200 is driven with supply of AC 
currents in the form of the two-phase rectangular waves illustrated in Fig. 
9 to the stator windings. Next, with reference to Fig. 10, there will be 

20 described a forming position of the width reducing portion 101. 
Incidentally, for the purpose of simplified illtistration, the figure shows only 
one rotor magnetic pole portion and six teeth 103 (stator magnetic poles) 
opposed to this one rotor magnetic pole. Further, the connections between 
the stator windings and the power terminals are also shown schematically. 

25 In the case of the stator 100 of the embodiment shown in Fig. 10, 

the width reducing portion 101 is provided at an outer peripheral portion of 
the back yoke portion 104 corresponding to the stator magnetic pole 1. In 
other words, the width reducing portion 101 is provided at the outer 
peripheral portion of the back yoke portion 104 of the tooth adjacent the 

30 tooth located between two stator windings which form magnetic poles in a 
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same phase and with differing polarities. For instance, referring to Fig. 2, 
Fig. 3 and Fig. 10, when the power is supphed to the stator winding wotind 
about the stator magnetic poles 2-6, there is generated a magnetic pole 
extending from the inner peripheral side to the outer peripheral side of the 
stator 100. Similarly, when the power is suppUed to the stator winding 
wound about the stator magnetic poles 44-48, there is generated a magnetic 
pole extending from the outer peripheral side to the inner peripheral side of 
the stator 100. And, the width reducing portion 101 is provided at the 
back yoke portion 104 of the tooth (stator magnetic pole 1) between the 
above -described two adjacent stator windings. As may be imderstood from 
the illustration in Fig. 10, this position is not the position with highest 
magnetic flux concentration. 

On the other hand, in the case of a comparison example illustrated 
in Fig. 11, the width reducing portion 101 is provided at the outer peripheral 
portion of the back yoke portion 104 of the stator magnetic pole 48. In 
other words, the width reducing portion 101 is provided at the back yoke 
portion 104 corresponding to the tooth adjacent to the tooth interposed 
between two stator windings which form magnetic poles in a same phase 
and with opposite polarities. For instance, referring to Fig. 2, Fig. 3 and 
Fig. 11, when the power is supphed to the stator winding woxmd about the 
stator magnetic poles 2-6, there is generated a magnetic pole extending 
from the inner peripheral side to the outer peripheral side of the stator 100. 
Similarly, when the power is suppUed to the stator winding wound about 
the stator magnetic poles 44-48, there is generated a magnetic pole 
extending from the outer peripheral side to the inner peripheral side of the 
stator 100. And, the width reducing portion 101 is provided at the back 
yoke portion 104 of the adjacent tooth (stator magnetic pole 48) adjacent to 
the tooth (stator magnetic pole l) between the above-described two adjacent 
stator windings. As may be imderstood from the illustration in Fig. 11, 
this position is one of those positions with highest magnetic flux 
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concentration. 

Fig. 12 shows relationship between a supplied current and coil 
interlinkage flux when the three-phase synchronous reluctance motor 
having the stator 100' of the Fig. 10 embodiment or the stator 100 of the Fig. 
11 comparison example, respectively is operated in a three-phase drive 
mode. In Fig. 12, the soHd line represents the embodiment using the 
stator 100 shown in Fig. 10 and the dot line represents the comparison 
example iising the stator 100 shown in Fig. 11. 

As may be seen in Fig. 12, there is no difference in the minimum 
value of the coil interlinkage flux between the embodiment and the 
comparison example (in the figure, the sohd representing the result of the 
embodiment and the broken Une representing the result of the comparison 
example are shown as being overlapped with each other). Whereas, the 
maximum value of the coil interlinkage flux is greater in the embodiment 
using the stator 100. Hence, it may be understood that the embodiment 
using the stator 100 provides a greater torque to the rotor 200. In this 
manner, it has now been foxmd that at what specific position in the back 
yoke portion 104 of the stator 100 the width reducing portion 101, if needed, 
should be provided (that is, how deterioration in motor performance can be 
avoided). 

Next, Fig. 13 illustrates relationship among a rotor magnetic pole 
pitch^ WR, a stator magnetic pole pitch WS, a forming area WGl of the 
width reducing portion 101, and a pitch WG2 of the width reducing portion 
101. As the total eight rotor magnetic pole are provided in this 
embodiment, the rotor magnetic pole pitch- WR is 45° (360° /8). Also, 
the total forty-eight stator magnetic poles are provided, the stator magnetic 
pole pitch: WS is 7.5° (360° /48). 

Further, the forming area- WGl of the width reducing portion 101 
along the peripheral direction of the stator 100 is configured to have a 
peripheral center position thereof aligned with a center position of the tooth 
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(stator magnetic pole) and to be smaller than two pitches (IS"" ) of the teeth 
(stator magnetic poles). With these arrangements, the width reducing 
portion 101 wiU not be formed over the entire back yoke portion 104 of the 
adjacent tooth (e.g. the teeth forming the stator magnetic poles 1, 47 in Fig. 
5 l) adjacent the tooth (e.g. the tooth forming the stator magnetic pole 48 in 
Fig. 1) having this width reducing portion 101 in its back yoke portion 104. 

The pitch- WG2 of the width reducing portion 101 is designed to be 
n/3 (n- a natural number) of the rotor magnetic pole- WR (WR= 45"* in this 
embodiment). In this embodiment, n=6 , hence, WG2 =45*" x 6/3 =90"* . 

10 As this embodiment relates to a three-phase synchronous 

reluctance motor in which six stator magnetic poles are provided for each 
rotor magnetic pole, the position in the back yoke portion 104 with the 
highest magnetic flux concentration is present by every 1/3 pitch of the 
rotor magnetic pole pitch. Therefore, if the width reducing portion 101 is 

15 provided at the position of every n/3 pitch of the rotor magnetic pole pitch, it 
is possible to avoid coincidence between the position of highest magnetic 
flux concentration and the position of the width reducing portion 101. As a 
resiilt, significant increase in the electric resistance of the magnetic path 
can be avoided, hence, sufficient torque generation can be ensured. 

20 Incidentally, in the figures, the width reducing portion 101 is 

shown in the form of a substantially rectangular shape. However, the 
invention does not limit its shape in particular. For instance, it can have a 
shape such as that of the groove portion 102 or a semi-circular shape shown 
in Fig. 15 or any other shape such as a semi-oval, semi-rhombus shape, etc. 

25 

Industrial Applicability 

The three-phase synchronous reluctance motor according to the 
present invention can be used as a compact, high-performance motor to be 
30 employed in various devices. 



15 



Brief Descnption of the Drawings 

Fig. 1 (a) shows a cross section of a stator of a three-phase 
5 synchronous reluctance motor, 

Fig. 1 (b) shows a cross section of a rotor of the three-phase 
sjnichronous reluctance motor, 

Fig. 2 is a diagram illustrating stator winding condition of three 

phases, 

10 Fig. 3 is an enlarged view of the stator winding condition shown in 

Fig. 2, 

Fig, 4 (a) is a graph showing waveforms of one cycle of three-phase 
rectangular waves. 

Fig. 4 (b) is a graph showing waveforms of one cycle of three-phase 
15 sine waves, 

Fig. 5 is a diagram explaining a forming position of a width 
reducing portion in an embodiment of the invention. 

Fig. 6 is a diagram explaining a forming position of a width 
reducing portion in a comparison example, 
20 Fig. 7 is a graph showing relationship between suppUed current 

and coil interlinkage flux. 

Fig. 8 shows a cross section of a stator of a three-phase 
synchronous reluctance motor, 

Fig, 9 is a graph showing waveforms of one cycle of two-phase 
25 rectangular waves. 

Fig. 10 is a diagram explaining a forming position of a width 
reducing portion in an embodiment of the invention, 

Fig. 11 is a diagram explaining a forming position of a width 
reducing portion in a comparison example, 
30 Fig. 12 is a graph showing relationship between supphed current 
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and coil interlinkage flux, 

Fig. 13 shows cross sections of a stator and a rotor, 

Fig. 14 shows a cross section of a stator of a conventional 

reluctance motor, and 
5 Fig. 15 shows a partial section of the stator of the conventional 

reluctance motor. 

Description of Beference Marks 
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stator magnetic poles 
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stator 
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width reducing portion 
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groove portion 
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tooth 
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200 


rotor 




201 


rotor core 




202 


rotational shaft 




203a 


magnet 
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magnet 
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sHt 




204b 


sHt 




310 


stator 




311 


tooth 




312 


bolt hole 
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410 


stator 




411 


tooth 




412 


core cut portion 




413 


bulging portion 
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